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ABSTRACT

/723

A light source was investigated that would emit radiation
below 1000 A of comparable intensity to the high-voltage pulsed
type but which would operate from a d.c. supply. It was felt that
with the combination of hot filament and axial magnetic field as
found in the Duoplasmatron that the light intensity would be com-
parable with the high voltage pulsed light sources. A prelimin-
ary measurement of the total intensity between 1050 A and 1350 A
was made using a nitric oxide ion chamber with a Duoplasmatron
as an ion source. Spectrums are determined for hydrogen between

1800 A and 900 A and for argon from 550 A to 1100 A,
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THE DUOPLASMATRON AS A
VACUUM ULTRAVIOLET
LIGHT SOURCE*

[. INTRODUCTION

The Duoplasmatron was developed about twelve years ago as a highly
. . ; 1) .,
efficient source of protons After its publlcatlon( ) in 1956, a number
of variations were designed and used as ion or electron sources for such

(2,3,4)

applications as accelerator ion sources and.ion propulsion devices.’

A further application was suggested by Herzog;(s) namely, that the highly
concentrated plasma of a Duoplasmatron possibly would emit intense vacuum

ultraviolet radiation

In the spectral region below 1000 A conventional light sources are
of the high voltage pulsed type with their inherent disadvantages that
they radiate electrical noise and are difficult to operate at a constant
light intensity output Thus, 1t is desirable to look for a light source
which emits radiation below 1000 A of comparable intensity to the high
voltage pulsed type but which operates from a D.C. supply. The hot
filament type of light source falls into this category with the excep-
tion of light intensity It was felt, therefore, that with the combina-
tion of hot filament and axial magnetic field as found in the Duoplasmatron
that the light intensity would be comparable with the high voltage pulsed

light sources

*The content of this report has been submitted for publication to the
"Review of Scientific Instruments. '



A preliminary measurement of the total intensity between 1050 A and
1350 A was made using a nitric oxide ion chamber with a Duoplasmatron
which was currently being used as an ion source. The source had an
anode opening of 0.008 inches Using, hydrogen in the Duoplasmatron
with an arc current of 300 mA, a flux of approximately 1012 photons/sec/cm2
was measured at a distance of 25 cm from the anode opening for the 1216 A
Lyman-alpha line. This is based on the assumption that 50% of the ion
chamber response was due to the 1216 A line--an assumption which is
normally true for a hot filament-type hydrogen lamp. Subsequently, a

Duoplasmatron light source was designed, built, and tested.

The principle of the Duoplasmatron can briefly be described as
follows, A low pressure arc discharge in hydrogen, typically 20 to
100 microns pressure, is constricted by a funnel-shaped baffle placed
between the electron emitting cathode (hot filament) and the anode. A
strong axial magnetic field of approximately 2000 oersteds is developed
between the baffle and the anode by a pole piece arrangement similar to
those used as magnetic lenses in electron microscopes; this further con-
stricts the discharge to a narrow plasma beam along the axis. 1If the
anode has a central opening, a very intense ion or electron beam can
be extracted from the plasma Any gas can be used to produce the ions

provided the gas does not poison the filament.




IT. DESIGN CONSIDERATIONS

In the Duoplasmatron the plasma density on the axis near the anode
increases quickly with the magnetic field strength, and after passing a
flat maximum slightly decreases. In practice, this means one has to
operate the Duoplasmatron abové a minimum magnetic field strength to
provide a maximum plasma density on the axis. In conventional Duo-
plasmatrons the magnetic field is generated by a solenoid of 2000 to
7000 amp turns, providing a magnetic field of the order of 2000 oersteds
between the pole pieces. However, it would appear that a permanent mag-
net of equivalent strength would be equally as efficient as a solenoid
and at the same time have the following advantages: (a) no power supply
for the magnetic field is needed; (b) since the heat generated in the
solenoid is of the same order as the heat generated by the arc, then
for a given cooling rate a higher arc current can be drawn if the
solenoid is replaced by a permanent magnet; (c) since the baffle elec-
trode, which forms one pole of the magnetic field, operates at a different
electrical potential than the anode, which forms the other magnetic pole,
it is necessary in the case of a solenoid to have an additional air gap
in the path of the magnetic filux through the iron enclosure to provide
electrical insulation. For a given magnetic field strength this requires
additional magnetic induction. This is avoided if one chooses ceramic
permanent magnetic material, which is electrically insulating. (d) There
are ceramic magnets on the market which have an exceptionally high coer-

(6)

cive force, typically around 2000 oersteds. That means the required



magnetic length is relatively small; therefore, less iron is needed
and since the ceramic material itself is much lighter than copper, the

whecle assembly becomes considerably shorter and lighter than an equiva-

lent design employing a magnet coil




TIL. CONSTRLCTION

A sectional view of the Duoplasmatron is shown in Figure 1. The
magnetic field is provided by three rings of highly-oriented barium
ferrite permanent magnetic material (Indox V) which are magnetized in
the direction of their axis The magnetic flux goes from one pole of
the magnet through the source flange and the slit holder over the gap,
through the wall of the baffle electrode, and then through the cover
plate to the other pole of the magnet The slit--the two halves of
which are screwed to the slit holder--is held by the strong magnetic
field between the apex of the baffle electrode and the slit holder
which slides in the source flange This way the slit can easily be
pulled out and inspected. The magnetic field presses the slit against
the anode which is an air-cocled disc of copper The cooling disc, a
ceramic spacer ring and the baffle electrode--onto which is screwed a
stainless steel retainer ring--are sealed to the source flange with six
screws simultaneously, having indium or gold O-rings between each other
The baffle electrode is closed by a feed-through cap, which carries the
gas inlet tube and two ceramic terminal bushings which hold two studs
between which the filament is mounted. The filament is platinum mesh
wire, which 1s dipped in a suspension of barium carbonate and activated
in a hydrogen atmosphere A cooling fan, mounted on the cover plate,
blows air through twelve holes in the cover plate, along the baffle
electrode, through twelve holes in the cooling disc, and finally out

through twelve channels in the source flange
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The circuit diagram for the arc power supply is shown in Figure 2.
The supply is current stabilized by simply inserting an amperite ballast
tube in series with the load. Figure 3 shows the current-voltage char-
acteristics of a typical tube. The power supply was constructed with
ten amperite 3-38 A ballast tubes in parallel in order to provide current
stabilization for O 3 amps to 3 amps by switching in the number of tubes

required to provide the desired arc current.



0I1CCIO?T - 520P

‘sdue ¢ 03 ¢-Q woiy £1ddns iamod pe3je(ndax jJudiin)y 7 3In3Tg

30 SdANVGS -0

20QA
0S1-0

s3snlt
1svve
311434V
vee-¢

+o

20A 0GI-0

(SdWVY 9 1v A002)

$30010

NOJITIS 02 49

h. JVA Ol
|

JVA O%1-0
JVIYVA dWV L

\
H3IWH0ISNVH L

NOILV 0SS!
L1vm 006G




“2qn3 3sellBq

vge-¢ @371odwe ue Jo O13ISTADIOBLIBYD 98BITOA-IUSIINY ‘¢ BINBTJ
SL1710A
o ocl o]o]] 08 09 ot 0e
r | 1 I | I
3gni 1svivg
vV8g-¢ 3JLId3IdNAV
=
| | | | ] ]

20

€0

v'0

S0

SdWV — LN344ND



IV. RESULTS

The Duoplasmatron, as shown in Figure 1, has been operated success-
fully both as an 1on source and as a vacuum ultraviolet light source.
The extractor aperture of the Duoplasmatron ion source was replaced by
a slit assembly 1/8 inch high by 50 microns wide. The slit~assembly
constituted the entrance slit of a 1/2 M Seya-type vacuum monochromator
having a reciprocal dispersion of 16 A/mm. Under such conditions a
wavelength resolution of approximately 2 A was obtained No windows
were used between the light source and the monochromator since no
suiltable materials exist which will transmit radiation below 1050 A
tthe short wavelength transmmission limit of lithium fluoride). However,
due to the low operating pressure of the Duoplasmatron and the small
slit area, a pressure of lxlO.a torr was maintained i1n the monochromator
chamber without the use of a differential pumping chamber between the
l1ght source and monochromator When the discharge was started, the
pressure 1n the monochrcmator decreased by a factor of twe or three.
This. apparently, 1s dve to the intense 1onization in the vicinity of
the entrance slit impeding the flow of neutral gas through the slit into
the monochromator The entrance slit is at a positive potential relative

to the baffle 1n the Duoplasmatron

The ultraviolet detector was an EM[ 9514B photomultiplier tube
sensitized to vacuum ultraviolet radiation by coating 1ts envelope with

sodium salicylate The quantum efficiency of this scintillator has been

10




measured from 2000 A down to 800 A and found to be constant (7 Althcugh
it is probable that the constancy of the quantum yield of sodium salicyl
ate continues in the region of cur measurements down te 550 A, cne must
be careful in comparing the relative intensity of two lines rather widely
separated as the efficiency of diffractien gratings in the vacium vltra-

) . ; (81
violet region of the spectrum is not constant with wavelength {

Figure 4 shows the spectrum of hydrogen between 1800 A and 900 A.
It is a typical hydrogen spectrum with the molecular continuum to longer
wavelengths of 1650 A and the many-lined molecular spectrum to shorter
wavelengths with the atomic lines of the Lyman series, alpha and beta,
at 1215.7 A and 1025.7 A, respectively However, 1t does differ from
the spectrum produced in a hydrogen glow discharge tcold cathode type:
in that the atomic resonance line at 1215 7 A is several times more
intense than the most intense molecular line, usually 1608 A As the
arc current was varied from O to 0 9 amps, the light intensity 1ncreased
almost linearly--the molecular lines increasing at a scumewhat slower rate
than the atomic lines. This result can be correlated with the analysis
of the beam composition as a function of arc current as reported by
Moak 35_217(3) who found a rather linear and more rapid increase 1n the

atomic ion content than 1n the molecular ion content

An argon spectrum from 550 A to 1100 A is shown tn Figure 5 The
arc current was 1.5 amps with 30 volts between anode and filament As

the arc current increased from zero, the radiation from excited neutral

11
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atoms increased to a maximum around 1 amp and then remained constant or
even decreased slightly as the arc current increased further; however,
the radiation from the singly and doubly ionized atoms continued to
increase. At 3 amps the 879.6 A and 878.7 A lines of AIII were a
factor of five more intense than shown in Figure 5, whereas the AII
series increased by only a factor of two. The presence of an air leak

was indicated by radiation from atomic nitrogen and oxygen.

That the magnetic field confines the discharge to a very intense
radiating plasma along the axis is evidenced by the fact that if the
ceramic magnets are removed one by one, the light intensity decreases

rapidly to the point of essentially zero light intensity at zero mag-

netic field

The Duoplasmatron is suitable as a D.C. light source producing
considerable intensity in the spectral region below 1000 A; however,
the results presented here, in argon, are somewhat less intense than
those of a 6 kv, 60 pps spark discharge By increasing the arc dis-
charge current, 1t appears possible to increase the intensity of the

radiation to the point where it is comparable to that of the high

voltage pulsed discharge

Geophysics Corporation of America
Bedford, Massachusetts
August 1962
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